Summary The National Registry of Childhood Tumours contains over 51 000 records of children born in Great Britain who developed cancer under the age of 15 years. Patterns of childhood cancer among families containing more than one child with cancer have been studied. A total of 225 'sib pair' families have been ascertained from interviews with parents of affected children, from hospital and general practitioner records and from manual and computer searches of names and addresses of patients. A number of special groups have been identified, including those with a known genetic aetiology such as retinoblastoma, twins and families with three or more affected children. A further 148 families not in any of the above groups contain two children with cancer: in 46 families the children had tumours of the same type, most commonly leukaemia. Some of the families are examples of the Li-Fraumeni syndrome; some are associated with other conditions, including Down's syndrome. There is clearly a genetic element in the aetiology of cancer in some families discussed here; shared exposure to environmental causes may account for others and some will be simply due to chance.
The aetiology of most childhood cancers is still little understood; a small proportion of neoplasms in children are easily recognised as being genetically determined but for most cases of childhood cancer there is no family history of cancer or genetic disease. There are, however, welldocumented associations with a number of single-gene conditions such as neurofibromatosis, tuberous sclerosis, Fanconi's anaemia and ataxia telangiectasia, and with genetic conditions such as Down's syndrome (Mulvihill, 1982) . The most striking, and one of the most studied, examples of a hereditary cancer is retinoblastoma, a disease of early childhood. About 40% of all cases in Britain and other developed countries follow the pattern of an autosomal dominant condition, but the 'retinoblastoma gene' is in fact a tumour-suppressor gene. Knudson and Strong (1972a,b,) suggested that two other childhood tumours, Wilms' tumour and neuroblastoma, have a similar genetic aetiology but it now appears that the proportions of hereditary cases for these two diagnoses are much smaller than was originally suggested.
In some families two or more siblings develop cancer or leukaemia in childhood. Some of these are accounted for by hereditary retinoblastoma and some by familial aggregations of cases arising from association with known genetic disorders. The only two systematic, population-based studies of the occurrence of childhood cancer among siblings are those by Miller (1971) in the United States and by Draper et al. (1977) in Great Britain. Both of these, together with two large hospital-based series (Li et al., 1976; Green, 1986 ) and a considerable number of case reports of familial aggregations, suggest that, in addition to cases occurring in families where there is a known genetic disease, there is a small increased risk among the siblings of children with cancer. Some of these families are examples of the Li-Fraumeni syndrome Fraumeni 1969, Li et al., 1988) ; some may be associated with hitherto unidentified syndromes; some, perhaps about half, are due to chance. In this paper we examine the patterns of neoplasms in families in which more than one child has cancer. The results presented here update those in Draper et al. (1977) ; the period covered and the number of cases are about double that of the earlier paper. For genetic counselling, estimates of risks to sibs of affected children are needed and in a subsequent paper we shall use these data to estimate such risks.
Patients and methods
The (Stiller et al., 1995) . The great majority of cases of childhood cancer diagnosed between 1953 and 1993 are included. In addition, the registry includes records from certain hospitals of children diagnosed with cancer before 1962 who survived at least 3 years. The results in this paper are based on a total of about 51 000 cases; we have tried to identify cases born in Britain and diagnosed before 1993 and who had a sibling with cancer also diagnosed before 1993.
Information about the families of children with cancer has been obtained from hospital and general practitioner records and from interviews with the parents of children included in the Oxford Survey of Childhood Cancers, a national casecontrol study covering deaths from childhood cancer for a period of about 30 years from 1953 onwards (Stewart et al., 1958) . Many of the families reported here were identified during these interviews, some from information in hospital records, and others from manual and computer searches comparing names and addresses. Half-siblings have been included with full siblings.
A total of 225 such families (463 children) have been ascertained in these ways. The information on these families is summarised in Table I family can sometimes be accounted for by the existence of a known genetic condition predisposing to cancer. In other families, however, the pattern of familial cancer might be attributable either to currently unrecognised cancer family syndromes or to exposure of family members to a common environmental hazard, or simply be due to chance. Miller (1971) and Draper et al. (1977) have shown that the number of families in which two children are affected is too great to be accounted for by chance, and from the latter paper it appears that the excess cannot obviously be explained by association with known genetic disease. The only welldocumented causes of childhood cancer are ionising radiation (particularly antenatal X-rays; see, for example, Bithell and Stewart, 1975) (Knudson, 1978) . Draper et al. (1992) estimated the risk of retinoblastoma in sibs of affected patients. For the five families in which one child has unilateral retinoblastoma and a second a different type of tumour there was no family history of the disease; these sib pairs could result from unrecognised familial retinoblastoma, since it is known that a wide variety of tumours may occur in individuals carrying the retinoblastoma gene (Sanders et al., 1989; Eng et al., 1993 (Breslow et al., 1988) .
In three families both children were diagnosed with neuroblastoma. Knudson and Strong (1972b) again postulated a two-stage genetic model for neuroblastoma similar to that for retinoblastoma. However, records from the CCRG show that the risk for a sibling of a neuroblastoma patient of developing the same cancer is of the order of 1 per 1000; this figure implies that only a very small proportion of cases are transmitted from a parent, i.e. that either the proportion of parents with germ-cell mutations is low (because the mutation rate is low or because survival of such potential parents is low) or that the manifestation rate (penetrance) of potential genetic cases is low.
Thus, for both Wilms' tumour and neuroblastoma the hereditary element appears to be much smaller than originally suggested by Knudson and Strong. A considerable number of case reports has been published relating to childhood cancer in twins, but there are only two or three population-based studies from which concordance rates can be derived; even these yield estimates only for leukaemia. The NRCT contains a total of about 800 twins, of which about 240 are monozygotic. Thus, the great majority of twin pairs are not concordant for childhood cancer. For leukaemia there is a high concordance rate in monozygous twins, as suggested by the data in Table II , for cases diagnosed at an early age. For these cases the proband concordance rate, i.e. the risk to the co-twin, may be as high as 25%. In many, or perhaps most, of these cases the concordance appears to arise not from genetic similarity but from an in utero transfer of transformed cells from one fetus to the other (Chaganti et al., 1979; Ford et al., 1993) . For hereditary retinoblastoma the proband concordance rate for monozygous twins can be directly calculated from the accepted penetrance of 90% as being 90-100%, depending on whether one assumes that the probabilities of the twins being affected are independent or, on the other hand, that if one is affected the other is more likely to be affected also. For other diagnostic groups there is no adequate evidence on which to base an estimate, although it appears likely that there is an increased risk for monozygous co-twins of affected children.
Children with Down's syndrome have 10-20 times the usual risk of leukaemia (Miller, 1963) . In the NRCT 291 patients have been identified with Down's syndrome, although the diagnosis was not routinely verified by chromosome studies; the great majority, 277 (95%), of these patients were diagnosed with leukaemia. The family in this study that included one child with Down's syndrome and fibrosarcoma and a second child with osteosarcoma and congenital defects may represent an unidentified syndrome.
Down's and some other syndromes found in families in this study -hypospadias, gonadal dysgenesis, XYY syndrome and Ollier's disease -are known to be associated with cancer (McKusick, 1992) . Sickle-cell anaemia and Ehlers-Danlos syndrome were noted in two other families. These are among autosomal dominant phenotypes listed by McKusick, but have not previously been linked with neoplasms.
A genetic element is clearly present in about a third of the 'sib pair' families in this study. For the remainder no clear pattern emerges; some may be caused by an unknown genetic predisposition, and some by a shared environmental exposure; some are undoubtedly due to chance. Diagnosis of cancer in three or more siblings almost certainly indicates some genetic susceptibility or immunological deficiency.
The main conclusion to be drawn from this study is that, except for cases associated with known genetic disease, the risk of cancer in the sibs of affected children is small: the current estimate of a doubling of the usual risk, i.e. from about 1 in 600 to 1 in 300, seems to be consistent with the results presented here. The main exception to this is the considerably higher risk of leukaemia for monozygous cotwins of children with leukaemia.
